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Immunohistochemical Identification of 
Langerhans Cells in Normal Epithelium and 
In Epithelial Lesions of the Uterine Cervix 
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Summary :Cu sing the double label indirect immunofluorescence technique we 
have studied vimentin-positive cells present in normal ecto- and endocervical 
epithelium, subcolumnar reserve cell hyperplasia, and squamous metaplastic 
and dysplastic epithelium of the uterine cervix. Monoclonal antibodies to ia- 
and T6-antigens were applied in the examination of the expression of these 
membrane markers by such cells. Our studies reveal the presence of a rela- 
tively large number of vimentin-positive and T6-positive (Langerhans) cells in 
normal ectocervical stratified squamous epithelium, a small number in endo- 
cervical columnar epithelium, and a larger number in subcolumnar reserve cell 
hyperplasia and in immature squamous metaplasia. In this respect, mature 
squamous metaplastic epithelium shows a great resemblance to normal ecto- 
cervical stratified squamous epithelium. In contrast with previous reports in 
the literature we could only demonstrate small numbers of Langerhans cells in 
cases of dysplasia. The clinicopathological significance of these findings is dis- 
cussedJKey Words: Uterine cervix — Langerhans cells — Vimentin — Ia-an- 
tigens — T6-antigen— Immunohistochemistry. 



In a recent study (1) we described the expression of the intermediate filament 
proteins cytokeratin and vimentin in normal epithelium and in neoplastic epithe- 
lial lesions of the uterine cervix. It was found that cytokeratin occurred exclu- 
sively in epithelial cells. Vimentin was found in stromal cells as well as in some 
dendritic-shaped cells lying between the epithelial cells. These cells were nega- 
tive for cytokeratin and showed a distribution and morphology similar to those 
observed for vimentin-positive dendritic cells in human epidermis (2). Many of 
the vimentin-positive ceils in human epidermis could be identified as Langerhans 
cells (LC), and it was concluded that these epidermal LC contain intermediate 
filaments of the vimentin type (3). Similar results have been obtained by Loning 
et al. (4) and Mahrle et al. (5). 

The aim of the present study was to determine whether the vimentin-positive 

Address correspondence and reprint requests to Dr. F. C. S. Ramaekers at Dept. of Pathology. 
University of Nijmegen, Geert Grooteplein Zuid 24, 6525 GA Nijmegen, The Netherlands. 
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cells present in various conditions of the epithelium of the uterine cervix could 
also be identified as LC and if marked differences in their occurrence among 
these epithelia could be observed. 

Experimental data in murine models have indicated that epidermal LC are de- 
rived from cells originating in the bone marrow (6). The presence of vimentin in 
epidermal LC points to a mesenchymal origin of LC, which supports their sug- 
gested bone marrow origin (3-5). The demonstration of the common leukocyte 
antigen on epidermal LC provides additional evidence for this idea (7). 

LC belong to a family of antigen-presenting cells (APC) (8). These APC are 
required for the initial uptake and processing of antigens in order to present im- 
munologically relevant moieties to T-lymphocytes, and so LC assume a key role 
in the afferent limb of the immune response (for a review on LC see ref. 9). LC 
possess receptors for the Fc portion of IgG and several complement components 
and can be stained by antibodies against class II (la) antigens of the major his- 
tocompatibility complex (MHC) (9). The presence of class II MHC antigens on 
the surface of LC is essential for the induction of T-lymphocyte responses (8). 
Class II MHC antigens, however, also can be expressed by epidermal keratino- 
cytes under certain conditions and by a wide variety of infiltrating inflammatory 
cells such as B-lymphocytes, some activated T-lymphocytes, and mononuclear 
phagocytes (10). 

From several recent reports (11-14) it has emerged that T6-antigen (a mem- 
brane antigen of normal thymocytes) appears to be superior to la-antigens as a 
marker for LC in normal and diseased epidermis. T6-antigen is also encountered 
on so-called indeterminate cells (13), which are identifiable only by electron mi- 
croscopy (15). These cells are present in small numbers in both the epidermis and 
the dermis and are ultras tructurally similar to LC, although they do not contain 
Birbeck granules (7). At present, indeterminate cells are considered to be pre- 
cursors of LC (7,11,13,16). According to Murphy (13), it appears that monoclonal 
anti-T6 antibody is both a specific and a sensitive probe for LC and indeterminate 
cells in the skin. In this report we will use the term LC for both Langerhans cells 
and indeterminate cells, since these cells cannot be distinguished immunohisto- 
chemically. 

A brief review of the few reports which have appeared on studies of LC in 
cervical epithelium has been presented by Morris et al. (17; for more recent 
studies see refs. 18-21). In recent studies, widely divergent methods for identifi- 
cation of LC in the uterine cervix have been used, such as the application of 
monoclonal or conventional antibodies, the demonstration of membrane ATPase 
activity, and the performance of zinc-iodide-osmium procedures. Morris et al. 
(17) and Caorsi and Figueroa (21) have emphasized the close interaction between 
LC and T-lymphocytes in cervical tissue, suggesting an important role of LC in 
local immune responses in the uterine cervix. According to Bjercke et al. (19), 
1-3% of all cells in normal ectocervical stratified squamous epithelium are den- 
dritic cells. 

Several authors (18,20,21) have noticed an increase in the number of LC in 
cervical epithelium showing characteristics of cervical intraepithelial neoplasia 
(CIN), but the conclusions were based on small series. 

The material described in this article covers a relatively large series of tissue 
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specimens from the uterine cervix, representing a great variety of normal, hyper- 
plastic, metaplastic, and dysplastic conditions of cervical epithelium. 
In double label indirect immunofluorescence experiments we have focused on 

1. excluding a possible overlap between the expression of cytokeratin and vi- 
mentin in the epithelia of the uterine cervix, 

2. establishing the presence of vimentin-positive dendritic and nondendritic 
cells in these epithelia and their respective expression of membrane markers as 
defined by la- and/or T6-monoclonal antibodies, 

3. making an approximate comparison of the number of la- and/or T6-positive 
cells present in normal epithelia and epithelial lesions of the uterine cervix, and 

4. finding out whether la- and/or T6-monoclonal antibodies react with other 
than vimentin-positive cells. 

MATERIALS AND METHODS 

The tissue specimens used in this study were collected as previously described 
(1) and are summarized in Table 1. Briefly, tissue specimens showing normal ec- 
tocervical and endocervical epithelia, subcolumnar reserve cell (SRC) hyper- 
plasia, and/or squamous metaplasia were obtained from hysterectomy specimens 
in which no dysplastic or neoplastic epithelial lesions were present. Dysplastic 
and in situ carcinomatous (CIS) epithelial lesions were studied in cervical 
biopsies that had been taken under colposcopic control, using a steel wire loop 
for diathermic stripping after the application of acetic acid (3%) and iodine solu- 
tion. Among the specimens showing dysplasia, epithelial lesions ranging from 
mild dysplasia (CIN 1) to severe dysplasia-CIS (CIN 3) were represented. Cri- 
teria for diagnosis have been described previously (1). Photomicrographs of he- 
matoxylin and eosin (H & E)- stained sections of representative epithelial lesions 
were presented in this report (1). 

Frozen parallel sections 4-7 pirn thick from all specimens were used for H & E 
staining and for double labeling with keratin and vimentin antibodies. A random 
selection from these specimens was made for double labeling with vimentin anti- 
serum and la-monoclonal antibody and vimentin antiserum and T6-monoclonal 
antibody respectively, as shown in Table 1 . 

The sections used for immunohistochemistry were air-dried (room tempera- 
ture, 2 h), dipped in acetone (room temperature, 5-10 s) and stored overnight at 
-20°C. They were then again air-dried (room temperature, 1 h) and fixed in 
methanol (-20°C, 5-10 min) and acetone (room temperature, 10-30 s). After 
air-drying for 30 min at room temperature, they were rehydrated in phosphate- 
buffered saline, pH 7.4 (2x5 min) and incubated for the indirect immunofluores- 
cence technique. Double labeling procedures have been described previously 
(22). The following primary antibody preparations were used in this study: 

1 . An affinity purified polyclonal rabbit antiserum directed against human skin 
keratins. For preparation and specificity testing see Ramaekers et al. (2,23-26). 

2. An affinity purified polyclonal rabbit antiserum raised against vimentin iso- 
lated from calf lens by preparative gel electrophoresis. Preparation and specificity 
testing have been described previously (2,23-26). 
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3. A mouse monoclonal antibody to calf lens vimentin, (Euro-Diagnostics 
B.V., Apeldoorn, The Netherlands). 

4. A mouse monoclonal antibody to human DR-framework (OKIa 1; Ortho 
Pharmaceutical Corporation, Raritan, NJ, U.S.A.). 

5. A mouse monoclonal antibody to human thymocyte (OKT6; Ortho Pharma- 
ceutical Corporation). 

As second antibodies, fluorescein isothiocyanate (FITC) conjugated goat anti- 
rabbit IgG (Nordic Immunology, Tilburg, The Netherlands) and Texas Red conju- 
gated sheep F(ab') 2 anti-mouse Ig (New England Nuclear, St. Albany, Boston, 
MA, U.S.A.) were used. Overlap between the FITC and Texas Red channels was 
checked using tissue sections labeled with a single second antibody. Incubations 
with the second antibodies alone were used as negative controls. 

RESULTS 

In all cases that were examined with the intermediate filament antibodies no 
reaction with the keratin antiserum was seen in nonepithelial vimentin-positive 
dendritic and nondendritic cells. 

The results of the double label experiments using combinations of either the 
polyclonal vimentin antiserum and OKIa 1 or the polyclonal vimentin antiserum 
and OKT6 were as follows (see also Table 1). 

Normal ectocervical stratified squamous epithelium (Fig. la, b, c) 

In general this type of epithelium showed a relatively large number of vi- 
mentin-positive cells. Dendritic morphology was recognizable in each specimen 
although the number of dendritic cells was variable. 

Most of the dendritic vimentin-positive cells were also positive for OKIa 1 and/ 
or OKT6. 

Nondendritic vimentin-positive cells generally were OKIa 1-positive and 
OKT6-negative. Some OKIa 1 -negative and some OKT6-positive nondendritic 
vimentin-positive cells were seen. 

The ratio between OKIa 1-positive and OKT6-positive cells was variable. 

In the ectocervical stroma a fairly large number of OKIa 1-positive cells was 
present. These were frequently found just beneath or at the squamous epithelial- 
stromal border. In one specimen a few OKT6-positive cells were observed in this 
region. 

No reaction with OKIa 1 or OKT6 was seen in the squamous epithelial cells. 

Normal endocervical columnar epithelium (Fig. Id, e, f) 

Between the columnar epithelial cells of the endocervix only a few vimentin- 
positive cells could be found. None of these cells showed a convincingly dendritic 
shape, while about half of the cells were OKIa 1-positive. In general the cells 
were OKT6-negative. In several cases, however, a few OKT6-positive cells were 
seen. 

In all specimens OKIa l.-positive cells were found at a higher frequency than 
OKT6-positive cells. 

Just beneath or at the epithelial-stromal border a variable number of OKIa 1- 
positive cells was found. OKT6-positive cells could not be demonstrated in this 
region. 
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FIG. 1. Double label immunofluorescence (a and b, d and e) and immunofluorescence (c, f) photomi- 
crographs of identical and corresponding areas respectively, showing reactions in ectocervix (a-c) 
and in endocervix (d-f). a-c: Normal ectocervical stratified squamous epithelium; note comparable 
numbers of positively staining dendritic and nondendritic cells in the epithelium with all sera used, 
d-f: Endocervical cleft showing both columnar epithelium and subcolumnar reserve cell hyperplasia; 
note a varying number of positively staining nondendritic cells in the epithelia with the different sera 
used, (a and d) Incubated with polyclonal anti-vimentin antiserum; (b and e) incubated with OKT6; (c 
and f) incubated with OKIa ! ; note also OKIa 1 -positive cells in the stroma, (a-c, x 145- d e x 270* 
f, x340). 
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It was remarkable to find that some columnar epithelial cells were both cyto- 
keratin- and vimentin-positive. This coexpression of different types of interme- 
diate filament proteins seemed to occur more frequently in the direction of the 
uterine isthmus. This phenomenon will be the subject of future studies. 

In several specimens variable numbers of columnar epithelial cells reacted 
weakly or, in a single case, strongly with OKIa 1, but not with OKT6. 

Subcolumnar reserve cell hyperplasia (Fig. Id, e, f) and immature 
squamous metaplasia 

As in the endocervical columnar epithelium, in these types of epithelium also 
only a few vimentin-positive cells were seen, while again a convincingly dendritic 
shape was not recognized. About half of these cells were OKIa 1-positive. Al- 
though still sparse, a slightly larger number of OKT6-positive cells was found in 
comparison to the endocervical columnar epithelium. 

OKIa 1-positive cells were present at a higher frequency than OKT6-positive 
cells in all specimens. 

Also in these cases OKIa 1-positive cells were found in proximity to the epithe- 
lial-stromal border, and in a single case a sporadic OKT6-positive cell could be 
demonstrated in this region. 

In one specimen a weak positive reaction with OKIa 1 , but not with OKT6, was 
seen in immature squamous metaplastic epithelium. 

Mature squamous metaplastic epithelium (Fig. 2a, b, c) 

A relatively large number of vimentin-positive cells was demonstrable in ma- 
ture squamous metaplastic epithelium. Cells with a dendritic morphology could 
be recognized in each specimen, but the number of dendritic cells varied. Den- 
dritic vimentin-positive cells were mostly OKIa 1- and/or OKT6-positive. 

A large proportion of the nondendritic vimentin-positive cells was OKIa 1-posi- 
tive and quite a number of these cells was OKT6-positive. 

In these cases a significant number of dendritic and nondendritic OKIa 1- and/ 
or OKT6-positive cells appeared to be vimentin-negative. We have no clear ex- 
planation for this finding. 

In some specimens OKIa 1-positive cells outnumbered OKT6-positive cells, 
whereas in other specimens the opposite appeared to be the case. 

Just beneath or at the epithelial-stromal border many OKIa 1-positive cells 
were seen. Sporadically an OKT6-positive cell was present in this region. 

In one specimen a weak positive reaction with OKIa 1, but not with OKT6, was 
observed in mature squamous metaplastic epithelial cells. 

Dysplastic epithelium (Fig. 2d, e, f) 

When comparing the different degrees of dysplasia, no significant difference in 
reactivity between the tissues was noted with vimentin, OKIa 1, or OKT6 anti- 
bodies. 

The number of vimentin-positive cells in the different specimens was variable, 
but usually not more than a small to moderate number of these cells was seen. 
Dendritic morphology was recognized infrequently in most cases, although in 
some specimens it occurred quite often. 

About 50% of these dendritic vimentin-positive cells were OKIa 1-positive, 
while OKT6-positive dendritic cells were found only sporadically. 
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FIG. 2. Double label immunofluorescence (a and b, d and e) and immunofluorescence (c and f) photo- 
micrographs of identical and corresponding areas respectively, showing reactions in squamous meta- 
plastic (a-c) and dysplastic epithelium (d-f). a-c: Mature squamous metaplastic epithelium covering 
the surface in the endocervix; note comparable numbers of positively staining cells in the epithelium 
with all sera used, d-f: Severe dysplasia- CIS within endocervical cleft; note a varying number of 
positively staining cells in the epithelium with the different sera used, (a and d) Incubated with poly- 
clonal anti-vimentin antiserum; (b and e) incubated with OKT6; (c and f) incubated with OKIa 1 ; note 
also OKIa 1 -positive cells in the stroma; in (0 several OKIa 1 -positive epithelial cells are present, (a 
andb, x 145; c, x 130; d-f, x230). 
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A moderate number of nondendritic vimentin-positive cells were OKIa 1-posi- 
tive, while OKT6 positivity was found here at a slightly higher frequency than in 
dendritic cells. 

Strikingly, in these specimens it was easier to find OKT6-positive cells in dys- 
plastic epithelium within endocervical clefts than in dysplastic epithelium cov- 
ering the surface. In some cases not one OKT6-positive cell was present. OKJa 
1-positive cells outnumbered OKT6-positive cells in all specimens. Many OKIa 
1-positive and sporadic OKT6-positive cells were seen in close proximity to the 
epithelial-stromal border. 

Focally a weak positive reaction with OKIa 1, but not with OKT6, was ob- 
served in dysplastic epithelial cells. 

Whenever normal ectocervical stratified squamous epithelium was present in 
the specimens a staining pattern was found identical to that described in ectocer- 
vical stratified squamous epithelium in specimens without concomitant dysplasia. 

DISCUSSION 

The identification of LC requires the application of special techniques since 
they cannot be recognized as such in conventional light microscopy. Because LC 
are known to contain intermediate filaments of the vimentin type (3-5), we have 
used vimentin antibodies to demonstrate these cells in various epithelia of the 
uterine cervix. This method served as an indicator of the occurrence of LC in 
cervical tissue specimens. Vimentin, however, is also found in many other mes- 
enchymally derived cells. Therefore, we have used monoclonal antibodies to la 
and T6 for the immunohistochemical recognition of LC, since similar combina- 
tions of antisera have been used previously for the identification of LC in skin 
(3-5) and in oral mucosa (4). 

In addition to the presence of OKIa I -positive dendritic and/or nondendritic 
cells in all epithelia examined, we have also found a varying number of OKIa 
1-positive cells in the subepithelial stroma in proximity to the epithelial-stromal 
border. 

These relatively large vimentin-positive/OKIa I-positive (and OKT6-negative) 
cells were present in the neighborhood of and among mononuclear inflammatory 
cells and may represent so-called hugging cells as described by Morris et al. (17). 
These hugging cells have been suggested to represent tissue macrophages and to 
act as an intermediate step in the transfer of antigenic information from LC to 
T-lymphocytes. Further investigations are required to determine their exact role 
in pathologic processes in the uterine cervix. 

The presence of la-antigens in cervical epithelial cells other than normal ecto- 
cervical squamous cells, as demonstrated in some of our cases, has been de- 
scribed before by Morris et al. (18). Its significance, however, is not clear. 

Since la-antigens are not restricted to LC, we have used antibodies to vimentin 
and T6 in double label experiments for the identification of LC in epithelia of the 
uterine cervix. In this way we have found a relatively large number of LC in 
normal ectocervical stratified squamous epithelium and in mature squamous me- 
taplastic epithelium. The- immunofluorescence pattern in both types of cervical 
epithelium was very similar, although in mature squamous metaplastic epithelium 
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a relatively larger number of nondendritic OKT6-positive cells was present. 
These nondendritic OKT6-positive cells may also represent LC (14). 

Between the columnar epithelial cells of the endocervix only a few OKT6-posi- 
tive cells were seen. They did not show a convincing dendritic shape but, as 
mentioned before, this may not be obligatory for a positive identification as LC. 
As far as we could verify, the occurrence of LC between endocervical columnar 
epithelial cells has so far not been described in the literature. However, their 
presence among columnar epithelial cells in main pancreatic ducts of the cat has 
been demonstrated by Bock (27). 

The immunofluorescence pattern in SRC hyperplasia and immature squamous 
metaplasia showed many similarities to the pattern seen in endocervical columnar 
epithelium, in that small numbers of vimentin-positive cells and only a few 
OKT6-positive cells were found, all lacking a convincing dendritic shape. 

In dysplastic epithelial lesions, a rather small to moderate number of vimentin- 
positive cells was generally present. OKT6-positive cells were found only sporad- 
ically in these lesions, or not at all, indicating the presence of only small numbers 
of LC in our cases of dysplasia. This finding is in contrast with earlier data from 
the literature (18,20,21) in which an increase of LC in dysplastic epithelial lesions 
as compared to normal ectocervical stratified squamous epithelium has been de- 
scribed. Methodological aspects may account for these differences. MacLean (20) 
demonstrated LC using a histochemical technique for adenosine triphosphatase, 
while Caorsi and Figueroa (21) applied zinc-iodide-osmium procedures. The 
method used by Morris et al. (18) closely resembles our approach, differing 
mainly in the antibodies and the immunohistochemical detection method applied. 
Also, sampling artifacts cannot be excluded since, as indicated above, relatively 
small series have been presented by these authors. 

In a further attempt to explain this discrepancy, several possibilities may be 
considered. In the first place, factors inherent to biopsy collection or processing 
may destroy or alter T6 antigenic determinants on the surface of LC. This seems 
unlikely, however, since normal ectocervical stratified squamous epithelium 
present in biopsies of dysplastic epithelial lesions showed a similar number of LC 
as the ectocervix of specimens lacking dysplasia. As an alternative explanation, 
the T6 antigenic determinants on the surface of LC may have been altered be- 
cause of the dysplastic process itself. Finally, the dysplastic process may have 
prevented a major number of LC from entering the epithelium or may have 
caused the disappearance of LC formerly present. Any or all of these factors may 
have been of greater importance for dysplastic epithelium at the surface than for 
dysplastic epithelium in endocervical clefts. In this case the dendritic vimentin- 
positive and OKT6-negative cells in the dysplastic lesions may have represented 
other members of the family of APC. 

The detection of sporadic OKT6-positive cells in proximity to the epithelial- 
stromal border in different cervical tissue specimens is consistent with known 
kinetic properties of LC. 

Using standard surgical techniques and a standard procedure for tissue pro- 
cessing, a variable number of vimentin-positive cells was found in the 32 cases of 
dysplastic lesions, meaning that dysplastic lesions with relatively few of these 
cells occur in addition to dysplastic lesions containing larger populations of them. 
It should be kept in mind that these vimentin-positive cells may represent LC as 
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well as other types of APC. Considering the supposed role of LC and other APC 
in local immune responses in the uterine cervix (17,21) and their possible involve- 
ment in malignant conditions in the female genital tract (19), this variation in 
number and nature of APC may correlate with the outcome of a particular dys- 
plastic lesion. This may not only be a manifestation of differences in dysplastic 
processes, but may also reflect differences in host immune responses. 

Although Murphy (7) has emphasized that extrapolation of function or se- 
quence of pathologic events from cell numbers is not possible, further studies 
correlating number and nature of APC in dysplastic lesions with the outcome of 
these lesions based on long-term follow-up studies may provide useful guidelines 
to clinicians and pathologists. It is well known that dysplastic lesions occur that 
will show regression, while others will show a more or less rapid progression. It is 
conceivable that subtyping dysplastic lesions on the basis of criteria evolving 
from future studies may perhaps enable us to predict these different outcomes 
with greater reliability. 
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